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(54) Semiconductor device, signal converter, and signal processing system using the same 
semiconductor device 

(57) In a semiconductor device which has capacitors 
means respectively connected to multiple input termi- 
nals, and in which the remaining terminals of the capac- 
itors are commonly connected to a sense amplrfier, the 
capacitors and the sense amplifier are fomied by utilizing 
a semiconductor layer on an insulating surface, whereby 
high-speed, high-precision processing of sigrials having 
a large number of bits supplied from the multiple input 
terminals is realized by a small circuit scale. 
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Description 

BACKGROUND OF THE irMVENTiON 
5 Reld of the Invention 

The present invention relates to a semiconductor device, and an operating device, a signal converter, and a signal 
processing system using the semiconductor device and. more particularly, to a semiconductor da/ice which can perform 
parallel arithmetic operations, and an operating device which can perform, e.g.. a con-elation arithmetic operation, a 
70 signal converter for A-D (analog-to-digital) or D-A {digital-to-analog) converting a signal, and a signal processing system 
using the semiconductor device. 

Related Background Art 

IS In recent years, upon improvement in signal processing, it has become important to realize low-cost operating 
devices which can process a very large volume of data at high speed within a short period of time. In particular, techniques 
for a con-elation operating device which can be used in motion detection of dynamic images, a high-precision analog- 
to-digrtal (A/D) converter, a spread spectrum (SS) communication, and the like require signal processing on the order 
of GHz. Conventionally, when such a function is realized by a semiconductor integrated circuit, paralliel arithmetic oper- 

20 ations are attained using a plurality of semiconductor chips so as to attain high-speed processing, or circuits are inte- 
grated on a considerably large chip using the latest micro-layout rule. 

is well known, the circuit scale of a chip immediately increases when the number of bits of a signal to be processed 
increases. For example, the circuit scale increases in proportion to the square of the number of bits to be operated. 
Therefore, as the number of bits increases, the cost increases, or the circuit scale increases up to an impractical level 

25 in many cases. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a semiconductor device which can realize new signal processing 
30 that can solve the conventional problems described above. It is another object of the present invention to provide a 
semiconductor device which can realize a high-speed arithmetic operation using a smaller scale circuit than a conven- 
tional device if the number of bits remains the same. It is still another object of the present invention to provide a semi- 
conductor device which can prevent an increase in circuit scale even when the nunnber of bits to be operated increases. 
It is still another object of the present invention to provide a semiconductor device which can perform an arithmetic 
35 operation with a higher precision than a conventional device using the same working technique as. the conventional 
device. It is still another object of the present invention to provide a semiconductor device which can realize a signal 
processing function, that cannot be realized by a conventional device or requires very high cost, at a practical low price. 

It is still another object of the present invention to provide an operating device, a signal converter, and a signal 
processing system using the semiconductor device. 
40 It is still another object of the present invention to provide a semiconductor device which connprises a plurality of 
input terminals, a plurality of capacitor electrically connected to the input terminals, and a sense amplifier to which the 
remaining terminals of the capacitor are commonly and electrically connected, and in which the capacitor and the sense 
amplifier are formed by utilizing a semiconductor layer on an insulating surface, and to provide an operating device, a 
signal converter. arxJ a signal processing system using the device. 

45 

RRIFF DESCR IPTION OF THE DRAWINGS 

Rg. 1 is an equivalent circuit diagram of a semiconductor device according to the present invention; 
Figs. 2, 4, 8, 10, 12, 13, and 16 are sectional views of the semiconductor device according to the present invention; 
so Figs. 3, 5. 6. 7. 9, 1 1 . 1 4. 1 5, and 22 are plan views of the semiconductor device according to the present invention; 
Figs. 17 and 21 are perspective views of a MOS transistor which can be usied in the present invention; 
Figs. 18, 19, and 20 are sectional views of the MOS transistor which can be used in the present invention; 
Fig. 23 is an explanatory view for explaining a correlation operating device; 

Figs. 24 and 25 are equivalent circuit diagrams for explaining the circuit arrangement of an operating circuit; 
55 Figs. 26A to 26C are timing charts for explaining the operation timings; 
Fig. 27 is a circuit diagram for explaining an A/D converter; 

Fig. 28 is a schennatic block diagram of a device using a correlation operating device; 

Fig. 29 is a diagram showing an example of the arrangement of the overall chip as a semiconductor device of the 
present invention; 
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Fig. 30 is an equivalent circuit diagram for explaining the arrangement of a pixel portion of the chip: and 
Fig. 31 is an explanatory view for explaining the arithmetic operation contents. 

nFTAII FD DEPr.RIPTinN OF THF PREFERRFD EMBODIMEhfTS 

A semiconductordevice of the present invention which can attain the atjove objects comprises a plurality of capacitor 
having one terminals connected to a plurality of input terminals, and a sense amplifier to vvhich the remaining terminals 
of the capacitor are commonly connected, and the sense amplifier is formed on a semiconductor layer on an insulating 

^""^ Aaiording to the semiconductor device with the above arrangement, a signal of a large number of bits input from 
multiple input terrninals can be precisely processed at very high speed and by a small circuit scale. 

Furthermore, since a switch element is arranged on at least one of the two terminals of each capacitor of the sem- 
iconductor device, a high-precision circuit that can reduce noise can be realized. .... ... 

In addition since each capacitor of the semiconductor dwice is fomied by connecting a plurality of capacitor ele- 
ments having the same structure in parallel with each other, a circuit that can attain an arithmebc operation with higher 

precision can be realized. ii» * • -i..«.„ 

■me circuit scale of an operating device such as a majority operating circuit, which has a plurality of semiconductor 
devices as desaibed above and performs parallel arithmetic operation processing by inputting the output from the f irst 
semiconductor device and/or the inverted output of the output to the second semiconductor device, is reduced, thus 
20 attaining a high operation speed and lost cost .. ^ ^ u- ■ 

Furthemiore in the semiconductor device, if the minimum capacitance of the capacitor corresponding to the multiple 
input terminals is represented by C. majority operating processing can be performed using the total of the capacitance 
values of the commonly connected capacitor, the total being a value which is an odd multiple or almost an odd multiple 
of the minimum capacitance C. ^ 

In the semiconductor device, since the switoh elements and the sense amplifier connected to the capacitor are 
formed by utilizing field effect transistors, a circuit that requires lower cost but can attain higher precision can be realized. 

In the semiconductor device, since the field effect transistors are isolated by a mesa structure, a arcuit that can 
attain higher integration but requires lower cost can be realized. ^. ^ ; , ^. ^ 

In the semiconductor device, since each capacitor is formed by utilizing a conductive layer which is formed in the 
same process as the gate electrode of the field effect transistor, and a semiconductor layer on the insulatng surface, a 
circuit that can attain higher precision but requires lower cost can be realized. ..^^^ 
Furthermore, in the semiconductor device, since a power supply is connected to the well layer of the field effect 
transistor, a high-speed circuit that can eliminate operation errors and can be used at a higher power supply voltage can 
Id6 realized 

Moreover in the semiconductor layer, since at least the well layer below a gate electrode is set in a depleted state 
upon formation of the channel of the field effect traiBistor. a high-speed, high-integration circuit can be realized. 

In the semiconductor device. since the edge shape of the mesa-isolated semiconductor layer has an angle of at 
least 6b- or more vnth respect to the insulating surface, a circuit having a smaller chip size can be realized. 

In the semiconductor device, since the capacitor has a stored type MOS structure which uses the surface of the 
semiconductor layer on the insulating surface in a stored state, a circuit which can attain a higher precision but requires 

lower cost can be realized. . ■ _^ ^ x xi. 

In the semiconductor device, since terminals on the side of the multiple input terminals are connected.to the same 
layer as the gate electrode, an inexpensive circuit in which the signal to be detected is not easily influenced by extemal 

noise can be realized. . , _x ^ ^ xi. 

In the semiconductor device, since terminals on the side of the multiple input terminals are connected to the same 
layer as the semiconductor layer, an inexpensive circuit in which the input signal is not easily influenced by external 

noise can be realized. ^. ^ , ^ j i xu n 

In the semiconductor device, since an impurity layer of a first conductivity type, which layer is connected to the well 
layer and has the same conductivity type as that of the well layer, and an impurity layer of a second conductivity type, 
which layer fonns the source region of the field effect transistor are formed at substantially neighboring positions, and 
a wiring layer is connected commonly to the impurity layers of the first and second conductivity types, a high-speed 
circuit which can eliminate operation errors and can be used at a higher power supply voltage can be realized in a smaller 

chip size. . . . ^ .^^ ^ 

In the semiconductor device, since the semiconductor layer of the capacitor is doped with an n- or p-type impunty 
at a concentration of 10i8 (cm'S) or more, a circuit which allows a high-precision arithmetic operation can be realized. 

The operating device, signal converter, and signal processing system using the- above-mentioned semiconductor 
device can perform high-precision, high-speed processing. 

The present invention vnll be described in detail hereinafter with reference to the accompanying drawings as needed. 
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(First Embodiment) 

The first embodiment of the present invention will be described below with reference to Figs. 1 to 3. Rg. 1 is an 
equivalent circuit diagram of a semiconductor device according to the present invention. In Fig. 1, a change in signal of 

5 a floating node 202 caused by operating n parallel signals Qi to Qn by coupling capacitors Ci to Cp is detected by a 
sense amplifier 205, and the detected change is supplied to an output terminal 211 as an L- or H-level signal. For 
example, the sense amplifier 205 is constituted by two inverters 206 and 204. However, the present invention is not 
limited to this an*angement. The input signals and the signal appearing at the floating node 202 have a relationship to 
be described below. Let AVi. to AV„ be the amounts of change in potential of the signals Qi to Qp from an initial state, 

to and AVf be the amount of change in potential of the floating node. Since the sum total of the charges of the floating node 
does not change before and after signal input (= principle of conservation of charge), we have: 

Ci{AVi -AV^) + C2(AV2-AV,)+ • - ■ + C JAV „ - AV ,) = CqAV, 
IS where Co is the parasitic capacitance of the floating node. The above equation is modified as follows: 
AV,-(CiAVi+C2AV2+ • • ■ +*^n^VnV(C^0 + Ci+C2+ • - 

More specifically, the above-mentioned circuit has a circuit arrangement for outputting a linear sum of the potential 
20 changes of the respective terminals weighted with Cj. The sense amplifier 205 detects if AV, is larger or smaller than a 
predetermined reference value, and can output the detection result to the output terminal 21 1 as a signal "p" or "1 In 
the case of analog signals, for example, the above-mentioned circuit can be used as a neuron element which detecte 
the weighted magnitudes of the inputs at the respective terminals. In the case of digital signals, for example, the above- 
mentioned circuit can constitute a majority logic circuit which compares the numbers of H- and L-level signals of the 
25 input signals. 

Fig. 2 is a sectional view for explaining a preferred example that realizes the circuit shown in Fig. 1 using a semi- 
conductor device. Fig. 2 shows a portion of the circuit shown in Fig. 1. Fig. 3 is a plan view for ejqplaning a preferred 
example that realizes the circuit shown in Fig. 1 using a semiconductor device. Fig. 3 shows a portion of the circuit shown 
in Fig. 1. Fig. 4 is a sectional view of the device shown in Fig. 3 taken along a line 4-4 in Rg. 3. Fig. 5 is a plan view 

30 when the above-mentioned n is set to be n = 3. 

Referring to Figs. 2 to 5, the semiconductor device corrprises a capacitor element 1 00, a semiconductor substrate 
101. an insulating layer 102, a semiconductor-side electrode 103 consisting of an n*-type semiconductor layer, an insu- 
lating film 104, gate electrodes 105. electrodes 105a to 105c. a first insulating interlayer 106. a signal input electrode 
107. a Vdd power supply line 108, a Vss power supply line 109. a PMOS transistor 110. an NMOS transistor 111, a 

35 second insulating interlayer 112, an output terminal 114. p*-type regions (pMype source-drain regions) 115. an n-type 
well 1 16, n*-type regions (n*-type source-drain regions) 1 17, a p-type well 1 1 8, an n*-type region 1 19. a p*-type region 
120. an n~-type region 121, a p~-type region 122, capacitor elements 900a to 900Ci andafloating node 902. 

Referring to Fig. 2. the insulating layer 102 such as a silicon oxide film is formed on the semiconductor substrate 
101. The capacitpr element 1 00 for realizing capacrtive coupling, and the NMOS and PMOS transistors 1 11 and 1 10, 

40 which constitute an input inverter of the sense amplifier, are formed on the insulating layer 102. The gate electrodes 1 05 
of the transistors are connected to one semiconductor-side electrode 103 of the capacitor element, and the other elec- 
trode 1 05a. which is formed by utilizing the same layer as the conductive layer forming the gate electrode of the transistor, 
is connected to the signal input electrode 1 07. The entire device is covered by the first and second insulating interlayers 
106 and 1 12. The capacitor element 100, and the NMOS and PMOS transistors 1 11 and 110 are mesa-isolated on the 

45 insulating layer 102. The edge portion of each transistor shown in Fig. 2 preferably has an almost right-angled shape. 
This is because a leakage between the source and drain easily occurs due to a decrease in threshold value of a very 
thin portion of a silicon film when the silicon film has a slope. More specifically, since the thin portion of the silicon film 
has a small semiconductor region to be depleted, a channel is formed by a lower gate voltage, thus ofteri causing a 
leakage. The present applicant prepared sanrples having edge portions with various slope angles, and confirmed upon 

50 measurement of the leakage currents that the above-mentioned phenomenon could be eliminated to a negligible level 
when the slope angle was set to be 60** or more. 

The capacitance of the capacitor element 1 00 shown in Fig. 2 is preferably maintained constantas much as possible 
independently of the voltage applied across the capacitor elements. VVhen such a capacitor element is realized by one 
having a fsAOS structure, an impurity is preferably doped in the semiconductor layer at a high concentration, so that the 

55 semiconductor surface is always prevented from being depleted or population-inverted, i.e., the semiconductor surface 
has a MOS structure in a stored state (stored type MOS structure). Furthermore, according to the experimental results 
of the present applicant, it was found that the semiconductor surface could be maintained in a stored state in practice 
if the impurity was doped in the semiconductor layer at 1018 (cm~3) or higher. An impurity is doped in the semiconductor- 
side electrode 103 at, e.g.. lO^s {cm~3) to have n"* conductivity type, and the capacitance value is almost constant 
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independently of the bias voltage. In this case, p*-type doping may be performed. As the insulating film between the two 
electrodes, the same layer as the gate electrode of the MOS transistor is used. However, the present invention is not 
limited to this insulating layer, but another insulating layer may be formed. Each n*-type source-drain region 1 1 7 of the 
NMOS transistor Is formed to have a depth slightly smaller than the thickness of the silicon film of the p-type well 118. 

5 However, this depth may be equal to or largjsr than the thickness of the silicon film. The same applies to the p**type 
source<irain regions 1 1 5 and the n-type well 1 1 6 of the PMOS transistor. 

In order to improve the hot carrier resistance and withstand voltage, the source-drain regions may have a DDD 
(Doubly Diffused Drain) structure or an LDD (Lightly Diffused Drain) structure, as a matter of course. The insulating layer 
1 02 preferably has a larger thickness since the capacitance between the silicon layer and the substrate can be reduced, 

10 and there is no fear of a parasitic CMOS operation that uses the substrate as the gate electrode. For ©cample, an SIMOX 
substrate normally has an insulating region having a thickness of 3.900 A. However, in an SOI substrate manufactured 
using an adhesion technique, the insulating region may have a thickness of 1 micron or more. 

The same reference numerals in Fig. 3 denote the same parts as in Fig. 2. In both the PMOS and NMOS transistors 
1 10 and 1 11. low-concentration regions (the n~-type region 121 in the PMOS transistor, and the p"-type region 122 in 

15 the NMOS transistor) are formed around the source-drain regions. Such a structure is adopted in consideration of the 
fact that a junction leakage easily occurs if a p-n junction is present at the end face of the mesa-etched silicon film. By 
improving the crystal quality of the SOI substrate, the frequency of leakage can be lowered. It is also known that a 
channel is easily formed under the gate electrode extending over the silicon end face. Since the low-concentration layer 
is formed, the leakage current can be prevented from flowing through the source and drain. Each of the NMOS and 

20 PMOS transistors has a so-called partial depletion MOS structure in which the well is depleted only partially even when 
the channel is ON. This structure can prevent a variation in electrical characteristics of the transistor such as the threshold 
value, drive performance, and the like independently of a variation in film thickness of the silicon film. As will be described 
later, this structure can improve the withstand voltage and can prevent operation errors by forming a well contact. 
As shown in Fig. 3, the source electrodes of the NMOS and PMOS transistors 1 1 1 and 1 lO constitutihg the inverter 

25 are respectively connected to the Vss and Vdd power supply lines 1 09 and 1 08. 

A contact structure between the source region and the power supply line adopts a so-called butting contact structure 
in whidi a well contact and a source contact are formed adjacent to each other, and are connected usi ng a single wiring 
line. However, a structure having only a source contact may be adopted without forrhing a well contact 

Iri Rg. 3. the p*-type region 1 15 as the source region of the PMOS transistor and the n*-type region 1 19 serving as 

30 the well contact are formed adjacent to each other, and are connected using a single wiring line. The same applies to 
the source region 1 1 7 and the well contact p*-type region 1 20 of the NMOS transistor. By fixing the well potential, the 
operation of the MOS transistor is stabilized, and operation errors can be prevented. In particular, in the case of the SOI 
substrate, unnecessary carriers which are generated in the channel and accumulate in the well can be absorbed as 
soon as possible. 

35 The drains of the PMOS and NMOS transistors are commonly connected to constitute one output terminal 1 14. 
(Arrangement in Case of Three Inputs) 

Fig. 5 is a plan view showing the case wherein the number of input terminals is set to be three (n = 3), and identical 
40. capacitor elements 900a, 900b, and 900c are connected to the input terminals Qi to Q3. Electrodes 103a. 103b, and 
103c opposite to the input electrodes 105a. 105b. and 105c of the capacitor elements are connected to the common 
floating node 902 via contact holes. Since other an-angements are the same as those in Fig. 3, a detailed description 
thereof will be omitted. 

In the above-mentioned case, C-^ ^€2^ O^.Oi course, an anangement ofCi^tCg'^Cais available. Such an 
45 arrangement can be designed If the areas of the capacitor elements are changed. 

Fig. 6 shows a preferred example used when the area of the capacitor element is changed. Fig. 6 is a plan view 
showing a case wherein a capacitance three times that in Fig. 5 is assigned to a given input terminal Qj. in order to form 
a x3 capacitance, elements 900d, 900e, and 900f having the same structure are connected in parallel with each other. 
As described above, when the capacitor element is constituted by a parallel circuit of an integer number of elements 
so having a small capadtance, the ratio of the capadtance values connected to different input terminals can be maintained 
even when the capacitance values vary due to indefinite factors such as a process variation, a parasitic capacitance, 
and the like. 

(Another Anrangement of Well Contact) 

55 

Fig. 7 is a plan view showing a prefen-ed example of another anangement of the butting contact structure between 
the well and source. Fig. 8 is a sectional view taken along a line 8-8in Fig, 7. As the structure of the NMOS transistor, 
a p*-type well contact is formed adjacent to the gate of Ihe MOS transistor. When a well contact is formed near the 
channel, unnecessary carriers in the channel can be efficiently absorbed. In Fig. 7, the well contact is formed at the end 
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of the transistor so as to prevent an increase in size of the transistor as much as possible. The same structure can be 
applied to the PMOS transistor to constitute an inverter. 

Note that the structure showvn in Figs. 7 and 8 includes p*-type ion-inplantation mask patterns 801 and 805, p*-type 
contacts 802 and 804, n*-type contacts 803 and 806. a gate electrode 807, and a p-type region 808. 

Figs. 9 and 1 1 are plan views for explaining a preferred example of the NMOS transistor used when the well contact 
is set at a potential independently of the drain and source electrodes. Fig. 10 is a sectional view taken along a line 10- 
1 0 in Fig. 9. and Fig. 1 2 is a sectional view taken along a line 1 2-1 2 in Fig. 1 1 . 

The structures shown in Figs. 9 to 12 include a source 701, a drain 702, a region 703. a p'*-type contact 704b. p*- 
type well contact regions 704c. gate electrodes 700b and 700c. and a silicon film formation region 707. 

Referring to Fig. 9, the silicon film formation region 707 is extended outside the gate electrode 700b for isolating 
the source 701 and the drain 702 so as to form the p*-type contact 704b. On the other hand, in Fig. 1 1 . the p*-type well 
contact regions 704c are formed on tiie silicon film formation region 707 on the drain or source side at positions separated 
from the source or drain. The structures shown in Figs. 9 and 11 are effective when a transmission gate in which the 
well contact cannot be set at the same potential as the source or drain electrode is used. 

Since the semiconductor device has the above-mentioned arrangement of the present invention, the following effects 
are expected. 

(1) Since multiple input signals are supplied to one floating node via tiie capacitor, and a^signal output from the 
floating node is detected by ttie sense amplifier, a semiconductor device which can minimize an increase in circuit 
scale upon an increase in the number of bits, and hence, requires lower cost can be provided. 

(2) Since the number of times of logic operations does not increase upon an increase in the number of inputs (the 
number of bits) , a semiconductor device which can perform arithmetic operations at higher speed than a conventional 
device can be provided. 

(3) Since a simple an-angement and isolation into semiconductor regions with small areas inherent to the SOI sub- 
strate can be attained, a semiconductor device which can perform high-precision arithmetic operations using even 
the same working technique as that utilizing a normal semiconductor substrate can be provided. 

. (4) A multi-bit correlation operating device, A/D converter, andmajority logic circuit, which cannot be conventionally 
realized due to too high a cost can be provided with a practical low cost. 

In particular, in tiie first emlx)diment, the following effects are expected. 

(1) Since the SO! structure is adppted, the device can be manufactured in an easy single-polysiiicon layer process, 
and the NMOS and PMOS transistors and the like can be mesa-isolated from each otiier. high integration can be 
realized. Therefore, an inexpensive, high-integration semiconductor device can be provided. 

(2) Since the isolation widtii between the NMOS and PMOS transistors is small, the parasitic capacitance Co of tiie 
floating node can be reduced. 

(3) Since the input terminals are connected to only the polysilicon gate layer isolated from tiie semiconductor sut)- 
strate, tine potential can be prevented from fluctuating due to noise input to the substrate. 

(4) Since the partial depletion MOS structure is adopted, a high-precision, high-yield semiconductor device whose 
electrical characteristics such as the threshold value, driving force, and the like are hardly influenced by a variation 
in silicon film thickness can be provided. 

(5) Since the well potential is fixed, a structure, which can be used at a higher withstand voltage, can prevent oper- 
ation en-ore of the circuit, and is not easily influenced by potential fluctuation due to external noise, can be realized. 

(6) Since a structure which does not easily cause any channel leakage and any junction leakage at the silicon end 
is adopted, a semiconductor device which assures high yield and requires only a small consumption current in a 
standby state can be provided. 

(7) Since the capacitor is constituted by connectirig a plurality of smaller capacitor elements in parallel witii each 
otiier, the relative ratio of the capacitance values of the input terminals does not easily vary. Therefore, a high- 
precision arithmetic operation can be attained. 

(Second Embodiment) 

The second embodiment will be described below with reference to Figs. 13 and 14. In this embodiment, the input 
and output electrodes of the capacitor in the first embodiment are replaced. Therefore, the equivalent circuit is the same 
as that in tiie first embodiment. 

Fig. 1 3 is a sectional view corresponding to Fig. 2 of the first embodiment, and Fig. 1 4 is a plan view con^esponding 
to Fig. 3 of the first embodiment. As shown in Figs. 1 3 and 1 4, a signal is input to the silicon film 103 side, and the floating 
node is fornied at the polysilicon gate 105a side. More specifically, tiie polysilicon gate 105a is connected to the floating 
node 202, and the input terminal Qi is connected to the silicon film 103. 
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In Older to clarify the difference of this embodiment from the first embodiment, other structures are the same as 
those in Figs. 2 and 3 of the first embodiment All the variations of the transistor structure, well contact structure, parallel 
connection of the capacitor elements, and the like described in the first embodiment can be applied to this embodiment. 
Fig. 1 5 shows another f onnation method of a capacitance portion when the floating node Is formed at the polysilicon 
5 electrode side of the capacitor element. In Fig. 15. a polysilicon electrode 302 of the floating node is formed to cover 
most portions of silicon film patterns 303, 304, and 305 of the input signal electrodes QV, Q2. and Q3. The capacitance 
value is determined by the two-dimensional overlapping area between the silicon film and the polysilicon electrode, and 
the overlapping area of corner portions. Since the silicon film is formed onthe flat insulating film, and has high patterning 
precision, the design precision of the capacitance value can be improved. Furthermore, even vyhen the alignment pre- 
10 cision of the floating node and the silicon film changes slightly, the relative ratio of the capadtances of the temninals Qi. 
Q2, and Q3 remains the same. For this reason, the semiconductor device is suitably applied to a high-predsion operating 
device according to the present invention. 

In the semicondudor device of the second embodiment, the following effeds are expected. 

15 (1) Since the SOI structure is adopted, the device can be manufactured in an easy single-polysilicon layer process, 
and the NMOS and PMOS transistors and the like can be mesa-isolated from each other, high irttegration can be 
realized. Therefore, an inexpensive, high-integration semiconductor device can be provided. 

(2) Since the partial depletion MOS. structure is adopted, a high-predsion, high-yield semiconductor device whose 
electrical charaderistics such as the threshold value, driving force, and the like are hardly influenced by a variation 

20 in silicon film thickness can be provided. 

(3) Since the well potential is fixed, a structure, which can be used at a higher withstand voltage, can prevent oper- 
ation en-ors of the circuit, and is not easily influenced by potential f luduation due to external noise, can be realized. 

(4) Since the structure which does not easily cause any channel leakage and any junction leakage at the silicon 
end is adopted, a semiconductor device which assures high yield and requires only a small consumption current in 

25 a Standby State can be provided. 

(5) Since the capacitor is constituted by connecting a plurality of smaller capacitor elements in parallel with each 
other, the relative ratio of the capacitance values of the input terminals does not easily vary. Therefore, a high- 
precision arithmetic operation can be attained. 

(6) Since the input terminals are capadtively coupled to the silicon substrate 101. potential fluctuation due to signals 
30 of other adjacent terminals can be eliminated. 

(7) Since the floating node is separate from the silicon substrate 101 . it is not easily influenced by potential f luduation 
from the substrate. Since the parasitic capacitance Co of the floating node is small, the output signal AVf can be 
increased when the anrplitude of the input signal remains the same. 

35 (Third Embodiment) 

The third embodiment will be described below with reference to Rg. 16. In this embodiment, FHg. 16 is a sertional 
view showing a case wherein the NMOS and PMOS transistors in the first embodiment have a conplete depletion 
structure. Therefore, the equivalent circuit diagram is the same as Fig. 1 of the first embodiment, andthe same reference 
40 numerals in this embodiment denote the same parts as in the first embodiment. 

The structure shown in Fig. 16 indudes a PMOS transistor 610. an NMOS transistor 611, pMype source-drain 
regions 615, an n-type well 616. n*-type source-drain regions 617, a p-type well 618, and gate electrodes 605. 

The silicon film thickness is set so that both the wells 616 arrf 618 are completely depleted upon formation of the 
channels of the PMOS and NMOS transistors. The work function of the gate electrodes is appropriately seleded. so 
45 that the NMOS and PMOS transistors become enhancement type transistors. For example, the gate electrode of the 
NMOS transistor consists of a p*-type polysilicon film, and that of the PMOS transistor consists of an n*-type polysilicon 
film, in this case, when the polysilicon surface is converted into a silicide using, e.g., titanium nitride, the degree of 
freedom of wiring increases. 

When complete depl etion MOS transistors are used, unnecessary fluctuation of the well potential can be suppressed 
so by forming the well contact described in the first embodiment, but an an-angement without any well oontad is also 
available. Even when the transistor structure changes and the thickness of the silicon film is decreased, no problem is 
posed as long as an impurity is doped in the silicon layer 1 03 of the capacitor element at a sufficiently high concentration. 
Therefore, all the variations of the well contact structure, parallel connection of the capacitor elements, and the like 
desCTibed in the first embodiment can also be applied to this embodiment On the other hand, even when one of the 
55 NMOS and PMOS transistors becomes a partial depletion type transistor and the other becomes a complete depletion 
type transistor with respect to the preset silicon film thickness due to their considerably different well concerttrations, no 
problem is posed. 

Another example using complete depletion type MOS transistors will be described below with reference to the 
accompanying drawings. 



7 



EP 0 709 893 A2 

Figs. 17 to 20 are views for explaining a preferred example using delta transistors as MOS transistors. Fig. 17 is a 
schematic perspective view, Fig. 18 is a sectional view of an NMOS transistor portion taken along a line 18-1 8 in Fig. 
1 7, Rg. 1 9 is a sectional view of a PMOS transistor portion taken along a line 1 9-19 in Fig. 1 7, and Fig. 20 is a sectional 
view of a capacitor element portion taken along a line 20-20 in Fig. 17. 
5 Fig, 21 is a perspective view for explaining a preferred example using double-gate transistors. Note that the sectional 

structures of the NMOS and PMOS transistor portions and the capacitor element portion are substantially the same as 
those shown in Figs. 1 8 to 20. except that an oxide film 941 is omitted therefrom. In these examples, although the power 
supply wiring lines are not shown, the same effects as in the third embodiment can be provided by a simple structure. 
The structures shown in Figs. 1 7 to 20 and Rg. 21 include silicon substrates 940 and 970/thick oxide films 941 and 
10 971 , NMOS transistors 950 and 980, PMOS transistors 951 and 981 , capacitor elements 952 and 982, polysilicon floating 
nodes 955 and 985, NMOS source-drain regions 956 and 986, PMOS source-drain regions 957 and 987, signal input 
terminals 958 and 988, and a gate oxide film 960. 

in the semiconductor device of the third embodiments, the following effects are expected. 

1^ (1) The operation speed of each transistor is improved by several ten % by the complete depletion operation. The 
well contact can be omitted. These effects contribute to a transistor size reduction, i.e., a chip size reduction. 
(2) Upon reduction of the transistor size, since the parasitic overlap capacitance between the floating node 202 and 
the drain 617 of the transistor is reduced, Co decreases. Therefore, since the output signal AVf can be increased, 
a processing function for a larger nunnber of bits can be realized. 

20 (3) The effects unique to the first and second embodiments are obtained depending on the way of connection of 
the capacitor elements. Of course, the combination methods of this embodiment and the connection methods of 
the capacitor elements can be arbitrarily selected. 

{Fourth Embodiment) 

25 

The fourth embodiment will be described below with reference to the plan view shown in Rg. 22. In this embodiment, 
switch means using a CMOS transmission gate is arranged between the input terminal and the capacitor of the second 
embodiment. Since the portion after the capacitor is, the same as that in Fig. 5 of the second embodiment a detailed 
desaiption thereof will be omitted. 

30 Referring to Rg. 22, a transmission gate is constituted by PMOS and NMOS transistors 810 and 81 1 . One (source 
or drain) of the source and drain regions 1 15 or 1 17 of each transistor is commonly connected to the input terminal Qi, 
and the remaining region is commonly connected to one electrode 801 of the capacitor. Since a gate electrode 805b of 
the NMOS transistor receives a signal PHAI for enabling/disabling the transmission gate, and a gate electrode 805a of 
the PMOS transistor receives a signal PHAI, a signal of an identical level can be transferred from the input terminal Qi 

35 to the electrode 801 independently of the threshold value of the transistor, as is well known. 

When the well potential must be fixed in the transmission gate, since the source and.well need not be set at the 
same potential unlike in the inverter, the silicon region may be extended, as shown in, e.g.. Fig. 22, so as to form high- 
concentration regions 81 9 and 820 having the sarne conductivity type as that of the well region, and these regions may 
be fixed by the power supply lines. This structure is a modification of Fig. 1 1 which is exemplified as an example of the 

40 method offorming the well contact structure. 

This embodiment exemplifies an example of pattern formation used when the switch is added to "capacitor + sense 
amplifier" as the basic arrangement of the present invention. However, the form and position of the switch are not limited 
to the above-mentioned example. For example, a reset switch for resetting to a given potential may be arranged as the 
switch element in place of the transmission gate. 

45 On the other hand, the switch may be arranged in the floating node. It is often effective to arrange. e.g., a reset 
switch for resetting to a given potential in the floating gate. 

In the semiconductor device of the fourth embodiment, the following effects are expected. 

(1) The transmission gate of this embodiment can perfectly isolate the input signal and the capacitor. In particular, 
50 when multiple input signals are simultaneously input at a given timing, since signals are simultaneously written by 

the transmission gates having a common gate, noise can be prevented from being mixed in the operation result, 
thus contributing to improvement of precision. 

(2) When a reset gate is added as the switch means, a reset gate is arranged in the floating node, or these switches 
are combined, various operating functions can be realized. When these switches are realized on the SOI substrate 

55 which allows easy element isolation, a high-performance signal processing function can be realized by a relatively 
small area. 

The atxjve-mentioned semiconductor device can be used in a majority operating circuit. Such a majority operating 
circuit and a con-elation operating circuit using the same will be explained below. 
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Fig. 23 is an explanatory view which best illustrates a 7-input correlation operating device of the present invention. 
The circuit shown In Fig. 23 includes majority operating circuit blocks 1001-A. 1001-B, and 1001-C, inverters 1002. and 
comparators 1003. Terminals 1004 and 1005 receive signals similar to those input to input terminals 1012. Terminals 
1006, 1007. and 1008 receive the output signals from the previous majority operating circuit blocks, and capacitance 
values 1009, 1010, and 1011 are connected in conrespondence with the terminals 1006, 1007. and 1 008 if the capaci- 
tance connected to a normal input terminal is represented by C. 

Referring to Rg. 23, signals are input to the comparators 1003 together with correlation coefficients. Each compa- 
rator 1003 outputs a HIGH-LEVEL signal when the input signal coincides with the correlation coefficient; it outputs a 
LOW-LEVEL signal when the two inputs do not coincide wfth each other. The outputs from the comparators are input 
to the majority operating circuit block. When the outputs from the comparators 1003 are input to the 7-input majority 
operating circuit block 1001-A, and the number of HIGH-LEVEL signals is a majority, i.e.. four out of seven inputs are 
HIGH-LEVEL signals, the majority operating circuit block outputs a HIGH-LEVEL signal. Similarly, for example, an 1 1 - 
input majority operating circuit block outputs a HIGH-LEVEL signal when six inputs or more are HIGH-LEVEL signals, 
and a 13-input majority operating circurt block outputs a HIGH-LEVEL signal when seven inputs or more are HIGH- 
LEVEL signals. Column S3 of Table 1 below shows the output values of the 7-input majority operating circuit block in 
units of the numbers of HIGH-LEVEL signals. Then, as shown in Fig. 23, the output from the 7Hnput majority operating 
circuit block is inverted by the inverter, and the inverted output is supplied to the weighted input terminal of the majority 
operating circuit block 1001-B. Fig. 24 shows the circuit arrangement of the majority operating circuit block 1001-B. 
Referring to Fig. 24, a capacitor 1212 has a capacitance value about four times those of capacitors 1 202 connected to 
other input terminal routes. The circuit shown in Fig. 24 can be considered as a 11 -input majority operating circuit. In 
this circuit if the capacitance value connected to the input terminal route is represented by C, 11 "G"s are commonly 
connected, four out of 1 1 "C -s receive the signal from the weighted input terminal, and the remaining seven terminals 
receive the same signals as those input to the block 1 001 -A. For example, when four or more out of the seven inputs to 
the first operating circuits are HIGH-LEVEL signals, a LOW-LEVEL signal is applied to the weighted input terminal of 
the next operating circuit, as described above. In this case, furthermore, when six or more out of seven input signals 
supplied to the input terminals other than the weighted input terminals of tiie next operating circuit are HIGH-LEVEL 
signals, the 1 1 -input majority operating circurt determines a majority in total, and outputs HIGH-LEVEL signals. When 
four or more and five or less out of seven inputs are HIGH-LEVEL signals, the circuit outputs a LOW-LEVEL signal since 
a majority is not determined. On the other hand, when three or less out of the seven inputs to the first operating circuits 
are HIGH-LEVEL signals, a HIGH-LEVEL signal is applied to tiie weighted input terminal. In tiiis case, when two or more 
and three or less out of seven inputs to the next operating circuits are HIGH-LEVEL signals, since 4 + 2 or 4 + 3 is equal 
to or larger than 6. and a majority is determined, a HIGH-LEVEL signal is output. On the other hand, when one or less 
out of seven inputs is a HIGH-LEVEL agnal, since 4 + 0 or 4 + 1 is smaller tiian 6, a LOW-LEVEL signal is output. 

Column S2 of Table 1 below shows ttie output vaJues of the majority operating circuit block 1001-B in units of the 
numbers of input HIGH-LEVEL signals. As for tiie majority operating circuit block 1001-C, when tiie inverted signals of 
the outputs from the majority operating circuit blocks 1001-A and 1001-B are applied to two weighted input terminals 
respectively having x4 and x2 capacitance values, tiie outputs shown in column S1 in Table 1 below can be obtained. 
With this circurt arrangement, the number of inputs, which coincide with the corresponding conrelation coefficients, of a 
plurality of inputs can be converted into a S^Jigit binary value, and tiie converted value can be output. 
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Fig. 25 is a circuit diagram of the majorrty operating circuit block Refen-ing to Fig. 25, tiie circuit comprises reset 
switches 1201. capadtors 1202. signal transfer switch^ 1203, a sense amplifier 1205. an inverter 1206 in the sense 
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amplifier, a second inverter 1204 in tlie sense amplifier, a second reset switch 1207 for resetting tlie inverters, a reset 
power supply 1208, a second reset power supply 1210. an output terminal 121 1 . and a parasitic capacitance 1209 whicli 
is connected to commonly connected one-terminal portions of the capacitors 1 202. 

Figs. 26A to 26C are timing charts of the circuit shown in Fig. 25. The operation of the circuit shown in Fig. 25 will 

5 be described below with reference to Figs. 26A to 26C. One terminal of each capacitor 1202 is reset by a reset pulse 
^ RES. The reset voltage to be used is 2.5 V half that of the power supply voltage if it is a 5-V system. Note that the reset 
voltage is not limited to this, and other voltages may be used. At this time, the input terminal of the inverter 1 206 in the 
sense amplifier is reset at substantially the same time by enabling the reset switch 1 207. The reset voltage at that time 
is selected to have a value near a logic inversion voltage at which the output from the inverter is inverted. When the 

10, reset pulse (|»RES is turned off, the two terminals of each capacitor 1 202 are held at the corresponding reset potentials. 
When each transfer switch 1 203 is enabled by a transfer pulse ^T, a signal is transfen-ed to one terminal of each capacitor 
1 202, and the potential at one terminal of the capacitor changes from the reset voltage of, e.g. , 2.5 V to 0 V corresponding 
to LOW LEVEL or 5 V corresponding to HIGH LEVEL Let C be the capacitance of each capacitor 1202. and Co be the 
capacitance value of the parasitic capacitance, tf N capacitors 1 202 are connected in parallel with each other, the poten- 

is tial at the commonly connected terminals of the capacitors 1 202 changes for a single Input by capacitance division from 
a voltage in the neighborhood of the logic inversion voltage of the inverter by: 

^ 0x2.5 



so 



20 When the input terminal voltage of the inverter 1 206 changes from the logic inversion vbltage, the output terminal voltage 
of the inverter 1 206 is inverted accordingly When signals are input to N input terminals, a sum of N capacitance division 
outputs is input to the input terminal of the inverter 1206. As a result, if the number of HIGH-LEVEL signals of the N 
inputs is a majority, the input terminal of the inverter 1206 shifts to a potential higher than the logic inversion voltage, 
arid a HIGH-LEVEL signal is output from the output terminal 1211 of the sense amplifier. On the other hand, when the 

25 number of LOW-LEVEL signals is a majority, a LOW-LEVEL signal is output. With the above-mentioned arrangement, 
the circuit shown in Rg. 25 serves as a majority operating circuit for outputting a logic value corresponding to the majority 
of a plurality of inputs. 

Fig. 23 exemplifies a 7-input correlation operating circuit. However, the present invention is not limited to this, and 
the number of inputs can be easily ihaeased. If necessary, the number of inputs may be decreased. 
30 An analog-to-digital converter having the majority operating circuit using the present invention will be described 
below. Fig. 27 is a circuit diagram of a 3-bit precision analog-to-digital converter (to be referred to as an A/D converter 
hereirrafter) according to the present invention. Referring to Fig. 27, the converter includes 1 2-, and 3-input operating 
circuit blocks 2001 -A, 2001 -B, and 2001 -C, and inverters 2002. Terminals 2003, 2004, and 2005 receive output signals 
from the previous majority operating circuit blocks. Capacitance values 2006, 2007, and 2008 are connected in cone- 
as spondence with the terminals 2003, 2004, and 2005 if the capacitance connected to a normal input terminal is repre- 
sented by C. An analog signal input terminal 2009 is connected to the blocks 2001 -A to 2001 -C. The blocks 2001 -B and 
.2001-0 have set input terminals 2010. and capacitance values 2011 and 2012 iare connected in correspondence with 
these terminals 2010. A case will be exemplified below wherein a power supply of 5 V is used. Referring to Fig. 27, the 
sense amplifier input in the operating circuit block 2001 -A is reset to 0 V, and the sense amplifier inputs in the operating 
40 circuit blocks 2001 -B and 2001 -C are reset to about 2.5 V The signal input terminals 2003, 2004, and 2005, and the 
set input terminals 201 0 are reset to 5 V. At this time, the signal input terminal 2009 is at 0 V. Then, the set input terminals 
201 0 are set at 0 V, and the input is changed from 0 V to an analog signal voltage. In the block 2001 -A, when the analog 
input signal becomes equal to or higher than 2.5 V, the sense amplifier input potential in the operating circuit blod^ 
exceeds a logic inversion voltage (assumed to be 2.5 V), and a HIGH-LEVEL signal is output Oolumn S3 in Table 2 
45 below shows the output results. When the analog input signal is equal to or higher than 2.5 V, the input terminal 2003 
changes from the reset potential of 5 V to 0 V At this time, the potential change at the sense amplifier input terminal in 
the operating circuit block is given by: 



C-VA-(0/2)-5-(G/4)-5 
O + (0/2) + (C/4) 



where VA is the analog input signal voltage. 

As can be seen from this formula, the operating circuit block 2001 rB outputs HIGH-LEVEL signal when the analog 
signal voltage VA is equal to or higher than 3.75 V, and outputs a LOW-LEVEL signal when the voltage VA is equal to 
or higher than 2.5 V and is less than 3.75 V. Oolumn S2 in Table 2 below shows the output results. Similarly, column SI 
55 of Table 2 below shows the outputs from the operating circuit block 2001 -C. With this aaangement as shown in Fig. 2. 
the A/D converter which converts an analog signal voltage into a 3-bit digital signal, and outputs the digital signal can 
be realized as one having a small circuit scale, high operation speed, and low consumption power. 
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In this embodiment, the 3-brt A/D converter has been described. However, the present invention is not limited to 
this, as a matter of course, and the numt>er of bits can be easily increased. 

In this embodiment, a flash type A/D converter using capacitors has been exemplified. However, the present invention 
20 is not limited to this. For example, the present invention may be applied to an encoder circuit section of an A/D converter 
which performs A/D conversion in such a manner that comparators compare signals input to a resistor an-ay and a 
reference signal, and an encoder encodes the comparison results, thus obtaining the same effects as described above. 

As described above, in the circuit block in wrtiich the tenninals on one side of the capacitor corresponding to multiple 
input terminals are commonly connected to the Input of the sense amplifier, when the minirnum one of capacitances 
2S connected to the multiple input terminals is represented by C. the total of the capacitances of the capacitor is roughly 
an odd multiple of C. 

When a correlation circuit has no control input terminal, all the capacrtances connected to the input terminals have 
a minimum value. On the other hand, when the conrelation circuit has control input terminals, as has been described 
above with reference to, e.g.. Fig. 23. the capacitances connected to the control input terminals are even multiples of C 
30 like 2C and 4C, and a total of the capacitances cf these terminals and an odd number of input signal terminals is roughly 
an odd multiple of C. With this an-angemert. comparison wnth a desired reference value can be clearly attained, thus 
improving operation precision. 

In the above description, the correlation circuit has been exemplified. In the case of a binary D/A converter, if the 
signal input capacitance of the least significant bit (LSB) is represented by C, the capacitance of the next bit is 2C, that 
35 of the still next bh is 4C. and the like. i.e.. the capacitance of each bit assumes a value twice as large as the imniediately 
preceding bit, and a total of capacitances of multiple input terminals becomes exactly or roughly an odd multiple of C, 
thus realizing a highiarecision D/A converter. 

In the A/D converter, as has been described above with reference to Fig, 27, the number of division places in the 
block 2001 -A is set to be one (1 C) to clearly discriminate if the analog sigrral level is larger than or less than 1 /2 of the 
40 full range. On the other harid, in the block 2001-8, the number of division places is set to be 3, i.e., an odd number, to 
discriminate if the analog signal level is larger than or less than 1/4, 2/4, and 3/4 On Table 2, a place between "0" and 
"1" in the second and thiid rows from the uppermost row, a place between "1" and "0" in the fourth and fifth rows, and 
a place between "0" and "1 " in the sixth and seventh rows) of the full range, and its total assumes an odd multiple value, 
. i.e.. 1 + 2 + 4 = 7 to have C/4 as a minimum value. Similarly, the block 2001 -C is set to have C/8 (minimum value), C/4. 
45 C/2, and C which are twice as large as the immediately preceding values, i.e., an odd multiple value 1 + 2 + 4 + 8 = 15. 
With this arrangement, since high-precision arithmetic operations can be attained writhout requiring any unneces- 
sarily large capacitances, low consumption power, and high-speed arithmetic operations can be realized. 

In the above description, the conelation operating device and the A/D converter have been exemplified. However, 
the present invention is not limited to these units. For example, the present invention may be applied to vairious other 
so logic circuits such as a digital-to-analog converter, an adder, a subtracter, and the like, thus obtaining the same effects 
as described above. 

Especially, when the present invention is applied to a D/A converter, if the capacitance of the input terminal for 
receiving LSB data is represented by C. the capacitances need only be set to be twice as large as the immediately 

preceding value toward the most significant bit like 2C, 40, 80 thus realizing a binary D/A converter. In this case, the 

55 outputs from the commonly connected terminals of the capacitors can be received by a source floor amplifier. 

Fig. 28 is a schematic block diagram of an apparatus using the above-mentioned con-elation operating device. This 
apparatus realizes a motion detection chip upon combination of the technique of the present invention and the conven- 
tional circuit technique. Referring to Fig. 28, the aR3aratU5 includes memory units 3001 and 3002 for respectively storing 
reference data and comparison data, a correlation operating unit 3003. a control unit 3004 for controlling the entire chip. 
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an adder 3005 for adding the correlation results, a register 3006 for holding the minimum value of the sums from the 
adder 3005, a unit 3007 serving as a comparator and a unit for storing the address of the minimum value, and a unit 
3008 serving as an output buffer and an output result storage unit. A terminal 3009 receives a reference data string, 
and a terminal 301 0 receives a comparison data string to be compared with the reference data string. The memory units 
5 3001 and 3002 comprise, e.g., SRAMs, and are constituted by conventional CMOS circuits. Data supplied to the corre- 
lation operating unit 3003 can be processed by parallel processing since the unit 3003 comprises a congelation operating 
device of the present invention. For this reason, the unit 3003 can not only attain very high-speed processing, but also 
be constituted by a smaller number of elements, thus reducing the chip size and cost. The con-elation arithmetic operation 
result is scored (evaluated) by the adder 3005. and is compared with the contents of the register 3006 which stores the 
10 maximum correlation arithmetic operation result (minimum sum) before the cunent correlation arithmetic operation by 
the unit 3007. If the current arithmetic operation result is smaller than the previous minimum value, the current result is 
newly stored in the register 3006; if the previous result is smaller than the current result, the previous result is maintained. 
With this operation, the maximum correlation arithmetic operation result is always stored in the register 3006. and upon 
completion of the operation of all the data strings, the final correlation result is output from a terminal 301 1 . The units 
15 3004, 3005, 3006, 3007. and 3008 are constituted by conventional CMOS circuit in this apparatus. In particular, when 
the adder 3005 adopts the circuit arrangement of the present invention, parallel addition can be realized, thus realizing 
high-speed processing. As has been described above, not only high-speed processing arrcl low cost are realized but 
also the consumption current can be reduced since the arithmetic operations are executed on the basis of capacitances, 
thus realizing low consumption power. For this reason, the present invention is suitably applied to a portable equipment 
20 such as an 8-mm VTR camera or the like. 

A case will be explained below with reference to Rgs. 29 to 31 wherein high-speed image processing is executed 
before image data is read out upon combination of tiie above-mentioned correlation operating device and an optical 
sensor (solid-state image pickup element). 

Fig. 29 is a diagram showing the arrangement of the overall chip of the present invention, Rg. 30 is an equivalent 
25 circuit diagram for explaining the arrangement of a pixel portion of the chip of the present invention, and Fig. 31 is an 
explanatory view for explaining the arithmetic operation contents of the chip of the present invention. 

Referring to Fig. 29, the chip' includes light-receiving portions 4001, memory units 4003, 4005, 4007, arid 4009, 
conrelation operating units 4004 and 4008. and an arithmetic operation unit 4010. Refen'ing to Fig. 30, each pixel portion 
includes capacitor 401 1 and 401 2 for respectively connecting optical signal output terminals and output bus lines 4002 
30 and 4O06, and an optical sensor (to be referred to as a bipolar transistor hereinafter) 4013 constituted by a bipolar 
transistor. The pixel portion also includes a capacitor 4014 connected to the base region of the bipolar transistor, and a 
switch transistor 4015. Image data input to an image data sensing unit 4020 is photoelectrically converted by the base 
region of the bipolar transistor 4013. 

An output corresponding to the photoelectrically converted photocarriers is read out to Ihe emitter of the bipolar 
35 transistor 4013, and raises the output bus line potentials in con-espondence with the signal via the capacitor 401 1 and 
4012. With the above-mentioned operation, the sum of the outputs from the pixels in the column direction Is read out to 
the memory unit 4007. and the sum of the outputs from the pixels in the row direction is read out to the memory unit 
4003. In this case, if a region where the base potential of the bipolar trarisistor is raised via the capacitor 40 1 4 of each 
pixel portion is selected using, e.g., a decoder (not shown In Rgs. 29 and 30), the sums. in the X- and Y-dlrections of an 
40 arbitrary regiori on the sensing unit 4020 can be output. 

For exanple. as shown in Fig. 31. when an image 4016 is input at time t-i, and an image 4017 Is input at time Xz, 
output results 4018 and 4019 obtained by respectively adding these images in tiie Y-direction are obtained, and these 
data are respectively stored in the mernory units 4007 and 4009 shown iri Rg. 29. In Fig. 29. tiie photoelectric conversion 
signals from tiie sensing unit 4020 are Input to the ti line memory units 4003 and 4007, and correlation arithmetic 
45 operations are performed between the data stored in the memory units 4003 and 4007, and data stored In the t2 line 
memory units 4005 and 4009, respectively. Alternatively, switch means may be arranged to perform a switching operation 
for inputting the photoelectric conversion signals from the sensing unit 4020 to the t2 line memory units 4005 and 4006, 
and these data may be sttojected to correlation arithmetic operations with the data stored in tiie ti line memory units 
4003 and 4007. 

so As can be seen from the output results 401 8 and 4019 shown in Rg. 31 , the data of the two images shift in corre- 
spondence with tiie motion of the image. Thus, when the con-elation operating unit 4008 calculates the shift amount, 
the motion of an object on the two-dimensional plane can be detected by a very simple method. 

The correlation operating units 4004 and 4008 shown in Fig. 29 can comprise the correlation operating drcuit of 
the present invention. Each of these units has a smaller number of elements than the conventional circuit, and. in par- 

55 ticular, can be at the sensor pixel pitch. This arrangement performs arithmetic operations on the basis of analog signals 
output from the sensor. However, when the A/D coriverter of the present invention is arranged between each memory 
unit and tiie output bus line, a digrtal correlation arithmetic operation can be realized, needless to say. 

The sensor of the present invention comprises a bipolar transistor. However, tiie present invention is also effective 
for a MOS transistor or only a photodiode without an-anging any amplification transistor. 
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Furthermore, the above-mentioned arrangement performs a correlation arithmetic operation between data strings 
at different times.' Alternatively, when X- and Y-projection results of a plurality of pattern data to be recognized are stored 
in one memory, pattern recognition can also be realized. 

As described above, when the pixel input unit and the circuit of the present invention are combined, the following 
effects are expected. 

1 . Since data which are paralleliy and simultaneously read out from the sensor are subjected to parallel processing 
unlike in the conventional processing for serially reading out data from the sensor, high-speed motion detection and 
pattern recognition processing can be realized. 

2. Since image processing can be realized by one sensor chip without increasing the size of peripheral circuits, the 
following high-grade function products can. be realized with low cost: 

(1 ) control for turning the TV screen toward the user direction 

(2) control for turning the wind direction of an air conditioner toward the user direction 

(3) tracing control of an 8-mm VTR camera 

(4) label recognition in a factory 

(5) manufacture of a reception rotxrt that can automatically recognize a person 

(6) manufacture of an inter-vehicle distance controller for a vehicle 

The combination of the image input unit and the circuit of the present invention has been described. The present 
invention is effective not only for image data but also for. e.g.. recognition processing of audio data. 
As described above, according to the present invention, the following effects are expected. 

(1) Since multiple input signals are supplied to one floating node via capacitor, and a signal output from the floating 
node is detected by a sense amplifier, a semiconductor device, which can prevent an increase in circuit scale upon 
an increase in the number of bits and hence, can reduce cost, can be provided. Even when the number of inputs 
(the number of bits) increases, since the number of times of logic operations does not increase, a semiconductor 
device which can perform an arithmetic operation at higher speed than a conventional device can be provided. 

(2) Since a simple arrangement and small-area isolation unique to an SOI substrate can be realized, a semiconductor 
device which can perform an arithmetic operation with higher precision can be provided even using the same working 

technique. . i, 

(3) A multi-bit correlation operating device, A/D converter, and majority logic circuit; which cannot be conventionally 
realized due to too high a cost can be provided with a practical low cost. 

Note that the present invention is not limited to the above embodiments, and appropriate modifications and combi- 
nations may be made within the scope of the irrvention. 

As the sense amplifier in the present invention, one normally used in the semiconductor field can be used. For 
example, a sense amplifier which can be used in the field of memories can be used. _ 

In addition, the drawings used for the purpose of explanation are schematic explanatory ones, and some members 
on the drawings (e.g.. an insulating interlayer on the plan view) are omitted for avoiding the conrplexity of the drawings. 
Also, the shapes of some members (e.g.. an electrode shape) are modified. Furtherrnore. in the plan view, members 
are indicated by solid lines disregarding their vertical positional relationship so as to avoid the complexity of the drawings. 

In a semiconductor device which has capacitors means respectively connected to multiple input, terminals, and in 
which the remaining terminals of the capacitors are commonly connected to a sense amplifier, the capacitors and the 
sense amplifier are formed by utilizing a semiconductor layer on an insulating surface, whereby high-speed, high-pre- 
cision processing of signals having a large number of bits supplied from the multiple input terminals is realized by a 
small circuit scale. 

Claims 

1. A semiconductor device comprising: 
a plurality of input terminals; 

a plurality of capacitor means electrically connected to said input terminals: and 

a sense amplifier to which the remaining terminals of said capacitor means are commonly electrically con- 
nected, 

wherein said capacitor means and said sense amplifier are formed by utilizing a semiconductor layer on an 
insulating surface. 
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2. A device according to claim 1 . wherein a switch element Is an-anged for at least one of two terminals of said capacitor 
means. 

3. A de/ice according to claim 1 , wherein said capacrtor means Is formed by connecting a plurality of capacitor elements 
5 having an Identical structure In parallel wHh each other. 

4. A semiconductor device having a plurality of semiconductor devices of claim 1 » wherein an output from a first sem- 
iconiductor device of said plurality of semiconductor devices and/or an inverted output of the output is input to a 
second semiconductor device. 

10 . 

5. A device according to claim 1 , wherein when a minimum capacitance of said capacitor means corresponding to 
said plurality of Input terminals Is represented by C. a total of capacitance values of the commonly connected capac- 
itor means becomes exactly or substantially an ocid multiple value of the minimum capacitance C. 

is 6. A device according to claim 2, wherein one of said switch element and said sense amplifier is formed by utilizing a 
field effect transistor. 

7. A device according to claim 6. wherein said field effect transistor is mesa-isolated. 

20 8. A device according to claim 6, wherein sald capacitor mear^ is formed by utilizing a conductive later formed In the 
same process as a gate electrode of said field effect transistor, and the semiconductor layer on the insulating surface. 

9, A device according to claim 6. wherein a power supply is connected to a well layer of said field effect transistor, 

25 1 0. A device according to daim 6, wherein when a channel of said field effect transistor Is formed, at least a well layer 
below a gate electrode is set In a depletion state. 

11. A device according to claim 7, wherein an edge shape of the mesa-isolated semiconductor layer has an angle of at 
least 60*" with respect to the Insulating surface. 

30 

1 2. A device according to claim 8, wherein said capacitor means has a stored MOS structure which uses a surface of 
the semiconductor layer on the insulating surface in a stored state. 

1 3. A device according to claim 8. wherein temilnals on the side of said plurality of input terminals are connected to the 
35 conductive layer formed in the same process as the gate electrode. 

14. A device according to claim 8, wherein terminals on the side of said plurality of input terminals are connected to a 
semiconductor layer formed in the same process as the semiconductor layer. 

40 15. A device according to claim 9, wherein an innpurity layer of a first conductivity type which is connected to the well 
layer and has the same conductivity type as a conductivity type of the well layer, and an impurity layer of a second 
conductivity type which forms a source region of said field effect transistors are formed adjacent to or substantially 
adjacent to each other, and a wiring layer is commonly connected to said impurity layers of the first and second 
conductivity types. 

45 

16. A device according to claim 12, wherein one of n- and p-type impurities is doped in the semiconductor layer of said 
capacitor means at a concentration of at least 1 (cm~3). 

1 7. A correlation operating device having a serniconductor device of claim 1 . 
so * 

1 8. An A/D corrverter for receiving an analog signal by a semiconductor device of claim 1 , and outputting a digital signal 
corresponding to the analog signal. 

1 9. A D/A converter for receiving a digital signal by a senriiconductor device of daim 1 , and outputting an analog signal 
55 conre^nding to the digital signal. 

20. A signal processing system comprising at least one of a conrelation operating device of claim 17. an A/D converter 
of claim 1 8. and a D/A converter of daim 19. 
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21. A signal processing system combining a signal processing system of claim 20 and an image input device. 

22. A signal processing system combining a signal processing system of claim 20 and a storage device. 
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